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VISCOSITY OF METALS IN EXPLOSION
WELDING

I. D. Zakharenko and V. I. Mali

Novosibirsk

In the glancing collision of metal plates moving at high rates

two different phenomena may occur. At large contact angles a

cumulative stream '.s formed [1]. At a smaller contact angle the

stream disappears, the interface has a wavy shape [2), and welding

of the plates occurs.

To describe the flow without the cumulative stream we shall,

as in [3), make the following assumptions.

1. The metal of the plates prior to contact and in the same

region after contact, where shear forces are not present, is

considered an ideal fluid.

2. Metals flowing towether after contact, i.e., behind the

point of contact, are considered a viscous fluid.

The excess in the horizontal pulse component at the point of

4contact in the case of cumulation is compensated by the reverse

stream. In the wave regime the excess in the horizontal component

is compensated by the "submerged stream." Its velocity is less than

FTD-HT-23-1992-74 1



of the contact point, and the stream i. dissipated by the effect

- viscous forces. By measuring residual shifts in partizles we

can determine the viscosity coefficient of a given metal.

Figure 1 shows the experimental scheme. The upper plate 3 was

acce.erated by explosion products from the detonation of explosive

5 and oo]lided with plate 1. The impact regime was selected such

thait wei.ing of the plates occurred.

I5

_ .5_.- .. 6_"_ Figure 1. Scheme of experiments: 1 -

4/ jlower plates, 2 - pressed plate, 3 - upper

2- plate, 4 - pressed wire, 5 - explosive

7 charge, 6 - detonator, 7 - wooden block.

After welding the specimens were cut

In the direction of motion of the contact

point and macrographs were prepared. In the photographs of the

sections the horizontal displacement of fixed lines was measured.

The characteristic graph representing the experimental dependence

of the shift (z) as a function of distance to the interface in the

welded plates (g) is shown as a solid line in Fig. 2.

Processing the experimental curves zuz(y)
4 for the lower, thicker plate showed that y>6I

(61 is the thickness of the upper plate) this

curve is well described by the equation of the

44 08 dt 7h 7 parabola
z-a(Y-6 2 )2 ()

Figure 2. Shift
in fixed line in (62 - the thickness of the lower plate), shown
lower plate: sol- in Fig. 2 by a dashed curve.
id line - experi-
ment; dashed
line - parabola Let us examine the impact of two metal

2
zia(Y-6 2 ) plates at subsonic velocity in a system of

coordinates connected to tt'e contact point (0

in Fig. 3). The parameters of the collidiig

FTD-HT-23-992-74 2



plated Site Ou011 tlhat tihe OUlU414 IVrO tit volil

X -is absent.

If we examine the motion of the

plates as the impact of streams of an

Figure 3. Movemen, ideal fluid at constant pressure, then the
of viscocity stream, velocity along the free surface is constant.

However, here the law of conservation of momentum along axis x will

not be fulfilled: to the right of point 0 the pulse is greater

than to the left.

We shall assume that the source of impulse is present at the

contact point, and at this forms a unique submerged flow of a viscous

fluid moving at a higher rate than the rate of contact (U). As we

move to the right away from the contact point the submerged stream

expands, covering an ever larger region of the flow (hatched region

in Fig. 3). Because of the viscosity at infinity the flow rates

with respect to plate thickness are never equalized.

In the unhatched region of the flow in Fig. 3, where velocity

gradients are still absent and viscous forces are not active, a

model of an ideal fluid can be used. The coordinate system shown

in Fig. 3 was selected such that there is no vertical velocity

component to the left of point 0. From the law of preservation of

momentum along axis x for colliding plates we find impulse (I)

accumulated at point 0

I-PO,8U(-cosy) + t) 1 (--MoV2),

where p is the density of the material.

If we know the accumulated impulse, then it is easy to determine

the velocity of the plates at infinity (uG), the expression for

which In the case of plates with the same density, colliding at

small angles, has the form of

"-= -3

FTD-HT-2 3-19 92-7 4 3



Let us study the diffusion of the horizontal velocity to the

right of the contact point, which occurs as a result of viscosity.

We will study the case of impact between metals of the same density

and viscosity. We have the generalized Stokes equation for steady-

state motion of an incompressible viscous fluid

* . ,

where p/p is the kinematic viscosity coefficient.

Now let us integrate this equation from xn-- to xam everywhere

except the line which passes through the contact point:

U1,~ doex

or

U[,,o- X-.] = U,.d-.

Here .u(x,,)d-Uz() , where z(y) is the shift in the point from its

original position. Since u. represents an addition to the velocity

of the contact point to its left, which is equal to zero, we get

de

Then

S(y) =I+Ay+,
2,0

and constants A and B are determined from the following boundary

conditions

0- Og,=O when ya62

Finally, we get the shift in the lower plate

,si' (2)

If we use the reprepentation of (1) for s(y), which is correct for

y>61, then from (2) we get

FTD-HT-23-1992-744



The velocity of the contact point was measured in preliminary experi-

ments by means of streak photography. Angle y was calculated from

the formulas given in [2]. The re3ults of processing certain

experimental data according to foxi.ula

are given in the table.

Ilaterial C. x, U i0 -
5 J -

O,2 2 12,5 203' 0,5 0, 6

luanum 02

(D16) 0.4 $ 3.! 141 0,74 I7
copper 0W4 1.4 1.7 21" 2.1 I 2.7

0,4 2.4 43 140'O 2,5 ,_2.0

Steel (8 0.4 28 3,1 15' 3,9 4.1
0.4 3.0 4 14"' 4.8 48

0.2 2,9 2.5 I8' ' 2.2 2,2
Niobium I

0,2 2.85 2,1 136lO 2,1 2,2

Titanium k 3,% 25 220V 4.3
0,4 3.55 2,7 210 4.2 4,4

0.21 2,3 1,2 TV 055 0,52

0, 2.7 I ,4 9'0 i 0.53

From the data of the table it follows that the numerical values

of the viscosity coefficient for steel coincide with the results of

studies by A. A. Il'yushin [3] and S. M. Popov [4]; the viscosity

coefficients for aluminum coincide with the results of studies by

A. D. Sdkharov, and others [5], V. N. Mineyev, and Ye. V. Savinov

[6].

The viscosity values for copper and steel do not agree with

the data of [5]. One should, however, be wary of tre results of

[5], since in the experiments a constant flow behind the front was

not obtained. In the opinion of the authors of [5] sufficiently

great values for the length and diameter of the explosive charge

FTD-HT-23-1 9 9 2-74 5



and also for the diameter of the profile disk should assure a

constant flow behind the shock wave front, although in using recesses

with ka0=l.74, for example, the aperture angle of the latter was

2Y=1200 . In this case the stream which we observed is formed at the

vertex of the recess. Thus, in the experiments of [5] after a shock
wave of sinusoidal profile emerges into a wedge disturbances from

the cumulative streams arrive on its surface. These disturbances,

already moving through the compressed metal, have a higher velocity

than the front of the first sinusoidal wave, and thus overtake it

at a certain distance. In this case there is also a phase shift in

the sinusoidal disturbance, which was also observed in [5).
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